R1033 is a plasmid of compatibility group P (= P1) transferred from a wild strain of Pseudomonas aeruginosa. It confers resistance to gentamicin by gentamicin acetyl-transferase 1 and to kanamycin and neomycin by neomycin phosphotransferase 1.
The self-transmissible R factors of Pseudomonas aeruginosa clinical isolates have been assigned to three compatibility groups by Bryan and his collaborators (2) (3) (4) . Group P1 contains the R factors that in Escherichia coli K-12 constitute group P (13) . Group P2 plasmids are not transmissible to E. coli, and plasmids of group P3 are those assigned to group C (12) or com6 (6) in the E. coli plasmid classifications.
Since gentamicin is useful in the treatment of P. aeruginosa infections, attention has been concentrated on mechanisms by which resistance to this drug can be attained. Isolates of P. aeruginosa carrying plasmids conferring gentamicin resistance have been reported (3, 17, 21) . Bryan et al. (3) found among North American isolates gentamicin resistance conferred by plasmids of groups P2 and P3, and Jacoby (17) has observed such R factors of group P2. In France, gentamicin R factors of group P3 have been observed in P. aeruginosa (21) .
We report here the isolation, in Spain, of a strain resistant to gentamicin (and several other antibiotics) by virtue of an R factor of group P1.
MATERIALS AND METHODS
Bacteria. The bacteria used were P. aeruginosa CRT and E. coli K-12 strains J53-2 (F-, pro,met,rif), J62 (F-, pro,his,trp,lac), and CR34Thy (F-, thr,leu, thi,thy,lac).
R factors. The R factors used were Plac, a plasmid of compatibility group C (= P3) which confers lactose fermentation ability and sulfonamide resistance (15) , and R751, a plasmid of compatibility group P (= P1) which confers resistance to trimethoprim (18) . Phage. The phage used was PRR1, which adsorbs to bacteria carrying plasmids of group P (= P1) and not to plasmid-free becteria or cells carrying plasmids of other groups (11, 19) . Conjugal plasmid transfer and plasmid compatibility properties. Procedures for conjugal plasmid transfer and the determination of plasmid compatibility properties were as described previously (9, 13).
Minimal inhibitory concentrations. The drugs used and their minimal inhibitory concentrations are listed in Table 1 .
Radiolabeling and lysis of CR34Thy (R1033) and isolation of plasmid DNA. Rabiolabeling and lysis of CR34Thy (R1033) and isolation of plasmid deoxyribonucleic acid (DNA) by cesium chloride-ethidium bromide density gradient centrifugation were as described previously (7) .
Neutral sucrose gradient analysis and calculation of plasmid molecular weight. Neutral sucrose gradient analysis and calculation of plasmid molecular weight were as described previously (1) .
Preparation of cell-free extracts. R1033 in E. coli was grown to late log phage in yeast extract-tryptone medium (100 ml). The cells were harvested by centrifugation and washed twice with a solution of 10 mM tris(hydroxymethyl)aminomethane-hydrochloride (pH 7.8), 50 mM NH4C1, 10 mM MgCl2, and 0.64 mM 2-mercaptoethanol. The pellet was resuspended in 4 ml of the same buffer and disrupted by sonic treatment. The cell debris was removed by centrifugation at 100,000 x g for 90 min. The resulting supernatant was designated the sonic extract and is the preparation that was used in all radioactive assays.
Enzymatic assays. Phosphorylation of aminoglycoside antibiotics was assayed by the phosphocellulose paper binding assay, as described previously (20) . Acetylation of aminoglycoside antibiotics was also assayed by the phosphocellulose paper binding assay, as described previously (5).
RESULTS
Properties of P. aeruginosa CRT. The strain was pigmented and showed the typical characters of P. aeruginosa (10) . The minimal inhibitory concentrations of relevant antibiotics are shown in Table 1 .
Strain CRT is unstable, producing segregants with increased susceptibility to gentamicin (kanamycin, carbenicillin, tetracycline, strep-ANTIMICROB. AGENTS CHEMOTHER. bP. aeruginosa CRTS is the wild strain after spontaneous loss of resistance (see text).
tomycin, chloramphenicol, and sulfonamides).
Such segregants have, presumably, lost the R factor. One of these, strain CRTS, is included in Table 1 . When strain CRT was grown with E. coli J53-2, resistance to gentamicin, kanamycin, ampicillin, tetracycline, streptomycin, chloramphenicol, and sulfonamides was transferred. Since all resistances were regularly co-transferred and in view of the compatibility properties and molecular characteristics of the resistant strains, it was concluded that all of the resistances were determined by a single plasmid, R1033.
Properties of R1033 in E. coli K-12. In E. coli, R1033 conferred resistance to gentamicin, kanamycin, ampicillin, tetracycline, and chloramphenicol, and to very low levels of streptomycin and sulfonamides. It confers sensitivity to phage PRR1. J62 (R1033) was mated with CR34Thy(Plac). Transfer in both directions was observed without elimination, and both plasmids were stable in each strain. Thus, R1033 is not a member of group C.
When R751 was transferred into J53-2 (R1033), all the resistance markers of the resident plasmid were eliminated. When R1033 was transferred into J62 (R751), trimethoprim resistance was eliminated (whether selection was made for transfer of ampicillin, gentamicin, or kanamycin). Thus, R1033 is a member of group P (= P1).
Antibiotic-modifying enzymes found in R1033+ in E. coli. When sonic extracts of R1033 were assayed for phosphorylating activity, it was found that neomycin and lividomycin were good acceptors for the phosphate moiety but that butirosin was not. This indicates the presence of a phosphotransferase that fits into the neomycin phosphotransferase 1 category (Table  2) . When sonic extracts of R1033 in E. coli were assayed for acetylating activity, it was found that gentamicin C antibiotics and sisomicin were good acceptors for the acetate moiety ( sistance to gentamicin C compounds, sisomicin, and kanamycin B. An interesting result is that the acetylation enzyme found in R1033 in E. coli will utilize tobramycin as a substrate, but that the cells are found to be susceptible to tobramycin in vitro. This is not surprising in view of the fact that many acetylated aminoglycoside antibiotics are still potent antibiotics (M. J. Haas, personal communication).
R1033, of molecular weight 45 x 10, is larger than any P plasmid previously reported. RP4 has a molecular weight of 34 x 106 (14) , that of R906 is 35 x 106 (16) 
